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Abstract  
Quality control monitoring of the critical inspection characteristics in the pharmaceutical 
dosage forms in the pharmaceutical industry is crucial prerequisite for an effective and safe 
drug release in the medical market. Part of these monitored properties includes in-process 
control tests that is necessary during different manufacturing stages. Apart from the 
ordinary quality control tests, statistical process control tools provide indispensible 
methodologies to judge the manufacturing processes efficacy and stability. The current 
study focused on trending of two properties namely: moisture content and friability of oral 
antibacterial tablet from the initial 31 manufactured batches. The film coated tablet includes 
Fluoroquinolone compound, Levofloxacin as an active pharmaceutical ingredient. The 
approach involved the use of commercial statistical software package for data analysis and 
the construction of control charts. Interpretation of results showed unexplained outlier 
batches, although they did not exceed specification values. This finding was assigned and 
detected chronologically using attribute-type of control chart after applying Laney 
modification. Laney C΄ chart was approached to correct for either over- or under- dispersion 
of data. The detected outliers were found in the corresponding control charts of both 
moisture content and friability in 29th to 31th batches and 1st batch, respectively. 
Interestingly, 19th batch showed exceptionally low moisture content if compared with other 
batches. The present methodology applied herein for the evaluation of both inspection 
properties was very useful in the monitoring of the product quality and the process stability 
in the drug manufacturing facility. In addition attribute control charts may provide an 
opportunity to improve the manufacturing process control and the dosage form quality 
subsequently by investigating the sources of out-of-control and correct them before any true 
excursion could occur which may lead to out-of-specification product.  
Keywords: Friability; Laney C΄ chart; Moisture Content; Quality Control; Statistical Process 
Control. 
1. Introduction 
In the pharmaceutical industry, the finished dosage form product is obtained through several successive manufacturing 
steps. Every processing stage is known as Unit Operation. Medicinal products, such as tablets, are globally used in the 
drug manufacturing industry. Separate unit operations during tablet manufacturing processes comprise several successive 
steps of weighing, blending, granulation, compression, coating and packaging. Every step must deliver an intermediate 
product to the next stage with defined quality to ensure that the final dosage form will meet intended specifications. This 
regular monitoring of the inspection characteristics may be attained by following appropriate control charts [1]. 
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Factual process control is the most worthwhile mean for assessment of the degree of compliance of any manufacturing 
step. This technique is recently introduced in the manufacturing processes of the solid dosage forms. During production 
of tablets, the parameters of quality control are used for evaluation of the properties of the pharmaceutical products [2]. 
Accordingly, the current study aimed to provide an approach for evaluation of the quality of the pharmaceutical products 
in addition to the monitoring of the manufacturing process efficacy and stability using statistical process control (SPC) 
by inspecting two quality characteristics, namely: moisture content and friability for new production line of oral 
antibacterial tablet.  
2. Materials and Methods: 
A new production line of oral film-coated tablet (FCT) product was launched in small experimental plant in Egypt. Non-
sterile solid products were manufactured in controlled area of class D classification in the production area. The product 
comprises Fluoroquinolone class of antibacterial as an active pharmaceutical ingredient (API), namely Levofloxacin 500 
mg as hemihydrate. Manufacturing flow process of the dosage form is illustrated in the diagram of Figure 1. Friability 
test was performed through in-process control (IPC) during initial setup phase of compression to ensure that the core of 
the tablets met the specification before proceeding in tableting process. While moisture content determination was 
conducted in the final phase after blistering of the coated tablets in the quality control (QC) laboratory. Dry granulation 
was achieved by roller compaction. Compactor mechanism consists of three major components namely; 1- Powder 
feeding unit to rolls, 2- Compaction system by two oppositely rotating and pressing rolling drums. 3- Milling unit for 
particle size reduction of the formed ribbon from the previous unit to the desired particle size [3, 4].  
The approached methodology in the use of control chart was as the following: 1- Data were interpreted using two types 
of control charts (variable and attribute) to compare between them in results visualization and monitoring. 2- Histogram 
and distribution fitting would determine excursions and pattern of data. 3- Since data are presented for each batch as 
single reading, Individual-Moving Range (I-MR) chart was used which is one type of the variable Shewhart charts. One 
the other hand, an attribute control chart was selected here to be C-type of trending charts (considered as special case of 
U chart). 4- If over- or under-dispersion was detected in the attribute chart, then corrections could be applied using Laney 
modification. Application of control charts were done according to Minitab software manual [5]. Data distribution and 
spreading could be visualized by applying boxplot diagram using Minitab. The methodology applied by Minitab for 
calculating the center line and control limits of the Shewhart chart is as discussed literally from the software in the 
following using the same equations and method: Data plotted, The plotted points and center lines on a Laney chart are 
the same as those on a traditional chart. Each data point, ci, is calculated as: ci = xi/ni. Center line ( ̅): The center line 
represents the mean value per inspection unit, c.  ̅ is used to estimate c:  ̅ = Σxi/Σni. Control limits (CL) are obtained by 
converting every ci to a z-score by the following equation:: zi = (ci -  ̅) /σci. Next, a moving range (MR) of length 2 is 
used to evaluate the variation in the z-scores and calculate Sigma Z (σz): σz =   ̅̅̅̅̅/1.128, where 1.128 is an unbiasing 
constant. The standard deviation (sd) of each plotted point is calculated as: sd(ci) = σci * σz. Lastly, the adjusted control 
limits for each subgroup are calculated as: Lower Control Limit (LCL)i =  ̅ - K.sd(ci); or LCL = 0, whichever is greater. 
Upper Control limit (UCL)i =  ̅ + K.sd(ci) i.e. CL =  ̅ ± K.sd(ci), where none of the  lower values can be lesser than zero. 
     Key of symbols: 
xi = number of units in subgroup i 
ni = subgroup size for subgroup i 
ci = proportion of units measured for subgroup i 
σci = Square root of ( ̅/ni) 
zi = z-score for subgroup i 
  ̅̅̅̅̅ = average moving range of length 2 for the z-scores 
K = the parameter that is specified for Test 1 of the tests for special causes, 1 point > K standard deviations 
from centre line 
Statistical analysis was done at α = 0.05. Normality test, distribution fitting, Histograms were generated using XLSTAT 
Version 2014.5.03. The density Histogram (y-axis) is determined by data frequency of each class according to the 
following formula: Density Histogram Bin Height = Frequency/(Total Number of Observations x (Upper Bound - Lower 
Bound)). Attribute control charts were drawn using Minitab
®
 17.1.0. Instrumentation and methods were applied as 
specified per compendial guideline. Internal specification limits that were used for both moisture content and friability 
tests were not more than (NMT) 8% and NMT 1%, respectively [6, 7]. 
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Fig.1. Simplified diagram showing multiple succesive steps for production of Levofloxacin film coated tablet 
(FCT) and highlighting the stages at which friability and moisture content tests are performed in red boxes 
3. Results and Discussion: 
Analysis of gathered results showed that they failed to follow normal distribution at α = 0.05 by either Anderson-Darling 
(AD) or Shapiro-Wilk tests for normality. However, the profile of moisture content was close to Negative Binomial type 
of discrete distribution. These finding are recorded in Table 1. None of both data followed Poisson or Binomial 
distribution. Histograms for both tests were illustrated in Figure 2. Each Histogram showed pattern of data, outliers and 
the closest possible distribution that fitted to data at α = 0.05. 
Table 1: Distribution fitting and normality analysis of in-process quality monitoring of manufactured oral 
antibacterial tablet 
Test Moisture Content Friability 
I- Normality Test Pass (α = 0.05): 
1-Anderson-Darling no no 
2-Shapiro-Wilk no no 
II-Best Fitting Discrete 
Distribution 
Negative Binomial none 
Levofloxacin FCT 
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Fig.2. Histograms for both water content and friability tests showing the closest distribution to each in smooth red 
line (α = 0.05) *Expressed as part per thousand 
Laney C΄ control charts were constructed as demonstrated in Figure 3. In moisture content test, Limits were tightened to 
correct for under-dispersion as indicated by Sigma Z level that is lower than 1. While the level of moisture was out of the 
normal trend in batches 29
th
, 30
th
 and 31
th
, batch 19
th
 showed exceptionally very low moisture content which required 
further investigation to elucidate cause(s) that may provide an area for improvement. On the other hand, out-of-control 
batches that appeared in the last part of the figure should be studied in order to reveal the reason(s) for such abnormally 
high values which may be attributed to assignable factor(s), not related to the normal manufacturing operations. In 
contrast to moisture content test, friability test showed over dispersion indicated by Sigma Z level that is greater than 1 
with out-of-control condition was originated from the 1
st
 batch. 
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Fig. 3. Laney-modified attribute control charts for both water content and friability tests of 31 batches of 
antibacterial tablet (specification limits are indicated by the uppermost dashed line) 
The nature of data distribution and spreading for both monitored properties could be demonstrated visually using box-
and-whiskers (hinge or box) plot diagram as could be illustrated in Figure 4. On the same line, I-MR charts were 
constructed for both inspection properties showing the same values of centre lines and control limits as the modified 
attribute charts but with more additional alarms (indicated by red dotted batches) in Figure 5. However, when 
conventional attribute control charts were applied regardless the degree of over- or under-dispersion either false or 
missed alarms would be observed if compared with Laney modified type of charts as could be detected from Figure 6. 
Moreover, the control limits were also different. 
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Fig. 4. The hinge (box) plot diagram showing the distribution and spreading (dispersion) of data for both 
inspection properties viz. friability and moisture content with outliers are indicated by asterisks 
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Fig.5. Individual-Moving Range (I-MR) control charts for both water content and friability tests of 31 batches of 
antibacterial tablet 
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Fig.6. Traditional attribute control charts for both water content and friability tests of 31 batches of antibacterial 
tablet 
Control charts are important to monitor the manufacturing process stability and efficiency. Moreover, they provide a 
measure for the manufactured product quality. Nevertheless, data dispersion affects interpretation of alarm signals in 
control charts which may lead to false or missed unusual variations in the inspected properties. Accordingly, Laney 
modification can be used to correct for over- or under-dispersion of process variation [8]. This fact was in agreement 
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with that in the current study, where it was found that missed alarms for 30
th
 and 31
th
 batches in moisture content 
monitoring were observed when using traditional C chart. This is not strange in view that if both charts were compared, it 
could be found that the conventional one did not correct for dispersion of data and hence the control limit was higher. 
Accordingly, two out-of-control batches were missed. Thus, the opportunity of corrections or improvement for 
manufacturing process may be compromised when using traditional controlled chart without correction for data 
dispersion.  In contrast, false alarm would be detected with the third batch when applying conventional control chart in 
the friability test. In terms of the manufacturing process, this may be misdirecting for wasting efforts for improvements 
and corrections in wrong direction while there is no actually any true anomalies in this batch.  Moreover, excursions 
observed in the Histograms are matched with those out-of-control points in the attribute control charts. Accordingly, 
those points require further investigation to elucidate the reason(s) for deviation, although none of these batches were 
out-of-specification determined by the pharmacopeial guideline. 
 Laney modification applies control limits from the actual dispersion of data rather from assumed Poisson or Binomial 
distributions which are not fulfilled in the present study [9]. Selection of control chart to monitor inspection characteristic 
attribute followed standard scheme flow chart [10]. The relatively right skewed Histograms may take such asymmetrical 
shape because of the natural limits that prevent outcomes on one side [11,12]. In the current case there is no value lower 
than zero percent for friability and 3% for moisture (there is minimum value for moisture but absolute absence cannot be 
attained) which were in the left side of the graph. While on the right side, there is a limiting compendial value that should 
not be exceeded.  
A normally controlled manufacturing operation will show fluctuation in results that is attributable to common cause 
variation in the process. However, an assignable or a special cause variations are related to influential factors that affect 
the process but not stem from the natural process variability. These unusual variations require further investigations and 
studies to elucidate them. These out-of-control points (yet not out-of-specifications) are indicated by red dots that 
represent the affected batches [5] They spot either problems that require fixation (marked batches above the centre line) 
or opportunity for improvement (highlighted batches below the centre line). 
McNeese (2009) demonstrated that when discrete results fail to follow either Poisson or Binomial distribution, then 
selecting Individual - Moving Range (I-MR) charts is the most suitable choice [13]. However, the same author 
(McNeese, 2006) indicated that data must show some degree of normality in its distribution (which is lacked in the two 
inspected properties in the current study) at least in order to apply I-MR, otherwise false out-of-control alarms may be 
unavoidable [14]. For instance, applying I-MR chart for moisture content and friability data would yield additional alarm 
at 16
th
 batch and 3
rd
 and 5
th
 batches, respectively. This is not in agreement with what was mentioned by some experts in 
the statistical quality control field, where they preferred the use of XmR chart for special cases of attribute charts with 
equal subgroup sizes such as C charts [15]. Accordingly, Laney modification of the attribute charts was sought to be the 
most suitable approach in the existing case. 
 4. Conclusion: 
Accordingly, it could be concluded that the currently used control charts were the most appropriate for monitoring of the 
process stability and product quality based on the type of data and its distribution. Laney attribute control charts help in 
spotting the defects which will be helpful in investigation any excursions to avoid in the future as well as areas of 
improvements. The currently applied methodology should encourage further research on control charts use with other 
quality characteristics of the pharmaceutical dosage forms that are inspected in IPC and QC settlings in order to ensure 
the delivery of safe and effective drug products in the market to the final consumers. 
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